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In the mammalian cochlea, hair cell death is
irreversible. New work shows that stem cells might
exist in the inner ear of the mouse, opening a door to
the possibility of repopulating damaged sensory
epithelia in humans.
The inner ear is a complex sensory organ responsible
for our senses of hearing and balance. The sensory ele-
ments of the inner ear are the hair cells, which are
exclusive to vertebrates and organized with exquisite
precision in the auditory epithelium. In the cochlea, hair
cells serve in sound detection, and in the vestibular
system — the semicircular canals, saccule and utricle
— they are dedicated to sensing balance, head move-
ments and acceleration (Figure 1). Hair cells are able to
transduce mechanical stimulation into changes in elec-
trical potential, which are interpreted by neuronal ter-
minals reporting to the brain [1]. In humans, hair cells
develop during the first trimester of gestation and are
expected to survive for the whole life of the individual.
Hair cell death is the most prominent cause of non-
hereditary deafness.
Because the inner ear of mammals shows very
limited regenerative capacity, deafness due to hair cell
loss is normally irreversible [2]. Unlike mammals,
however, other vertebrates are able to replace damaged
hair cells throughout their entire lifetime. Inherited deaf-
ness affects one child in every thousand born world-
wide, and hearing dysfunction afflicts more than 10% of
the population in industrialized countries. Therefore
understanding the mechanisms that allow hair cell
regeneration in some animals, or what prevents
mammals from doing so, is of major biological and clin-
ical relevance. The ultimate goal, of course, is to coach
damaged human ears to regenerate hair cells. Recent
results from Li and co-workers [3,4] are a major step
forward towards this aim.
Some 15 years ago, two groups [5,6] independently
reported that adult birds are able to generate new hair
cells after acoustic trauma, kick-starting vigorous
research on the subject. To date, however, one
important question remains unanswered: where do
these newly formed hair cells come from? Some
results suggest that hair cells regenerate from
neighboring supporting cells by transdifferentiation.
But others indicate that some supporting cells re-enter
mitosis before producing new hair cells. Although the
transdifferentiation of supporting cells is a well-docu-
mented and perhaps simpler way to replace dead hair
cells, the amplification of  supporting cells may also be
required. Because these animals need to replenish hair
cells over a period of several years, it is likely that the
two processes act in parallel to maintain auditory
tissue homeostasis without depleting the supporting
cell population.
Stem cells are remarkable in their capacity to self-
renew and differentiate into a multiplicity of cell types
[7]. Cells of this kind have been identified in several
adult tissues. For years, the search for a stem-cell-like
population in the ear had produced no positive result.
Taking advantage of some well-known characteristics
of stem cells growing ex vivo, Li and colleagues [3,4]
isolated cells from the inner ear of the mouse hoping
that some would survive to produce proliferative, self-
renewable spheres in culture conditions. 
Li and colleagues [3] chose to pool cells from the
utricle, the only part of the ear known to retain a limited
mitotic capacity in adult mammals (Figure 1). Under
their culture conditions, a few utricular cells prolifer-
ated to form spheres. Dissociated single cells from
these primary spheres produced new spheres for at
least ten passages, meeting the first condition for
‘stemness’. Sphere formation was enhanced when cul-
tures were treated with epidermal growth factor (EGF)
and insulin-like growth factor-1 (IGF-1), two known
vestibular growth factors  [8]. Proliferative sphere cells
expressed gene markers characteristic of the immature
inner ear, but not MyoVIIa or Brn3.1, two diagnostic
genes for mature hair cells. In addition, the sphere cells
Dispatch
Current Biology, Vol. 14, R127–R128, February 3, 2004, ©2004 Elsevier Science Ltd. All rights reserved. DOI 10.1016/j.cub.2004.01.022
Laboratory of Sensory Neuroscience, The Rockefeller
University, 1230 York Avenue, New York, New York 10021,
USA. E-mail: lopezsh@rockefeller.edu
Figure 1. Diagram of the human inner ear.
Our sense of hearing depends on mechanosensory hair cells
residing inside the snail-shaped cochlea. The utricle, part of the
vestibular system, contains proliferative progenitor cells capable
of generating new hair cells in culture. (Modified from [11].)
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expressed Nestin, an intermediate filament protein
characteristic of progenitor cells. 
To test whether these progenitor cells could be
driven to differentiate into hair cells, Li and colleagues
[4] maintained spheres as adherent cultures in serum-
free medium. After two weeks, Nestin-negative, differ-
entiated cultures began to show expression of
MyoVIIa and Brn3.1. Importantly, the authors also
found that some differentiated cells produced actin-
rich protrusions resembling stereocilia. These encour-
aging in vitro results prompted the authors to test if
sphere cells, when transplanted back into animals,
could contribute to the ear. To do this, Li and col-
leagues [3] injected marked sphere cells into the otic
vesicle of developing chick embryos. A few days later,
they found a number murine cells in the bird cochlea.
The integrated cells expressed the right set of molec-
ular markers and displayed morphological features
typical of functional hair cells.
Li and colleagues [3] also found that sphere-forming
cells contributed to a number of other cell types. They
were found to differentiate into derivatives of all three
germ layers. Does this mean that endogenous stem
cells exist in the adult inner ear? The answer is no. For
one thing, non-stem cell neurogenic precursors iso-
lated from the sub-ventricular zone of the brain can be
converted into multipotent stem cells by EGF treat-
ment in vitro [9]. Furthermore, neurosphere-forming
progenitor cells of the sub-ventricular zone can inte-
grate and differentiate into multiple cell types when
reintroduced to the body.
Regardless of their true identity, some proliferative
progenitor cells clearly exist in the adult inner ear and
are capable of generating hair cells in culture and
when transplanted back into the body. Does this
mean that sphere-forming cells can potentially be
used to repopulate damaged mammalian ears? The
answer is yes. The inner ear is especially suited to
reparative cell therapy. Neural stem cells have already
been shown to generate new hair cells in injured inner
ears of mice [10]. The ultimate question, not tested in
these studies, is whether regenerated hair cells will be
able to form connections that will enable them to
become functional. Although the adult ear contains
16,000 functional hair cells, cochlear implants rely on
a few connections to restore hearing. Therefore,
sphere-forming cells would need to generate only a
few tens of functional hair cells to do the trick, offer-
ing an alternative to implants to reverse profound
deafness in humans. 
Hair cell replacement will also be a viable option to
treat some progressive dominant forms of deafness. In
this case, endogenous mutant hair cells could be elim-
inated from the sensory epithelium, which would then
be repopulated with functional cells from spheres. One
potential general danger of cell replacement therapy is
how to control the behavior of precursor cells once in
the body. Introduced pluripotent cells can grow to form
tumors, a devastating and life-threatening conse-
quence of uncontrolled cell proliferation. Additionally,
it will be important to control the relative orientation of
the new hair cells within the plane of the sensory
epithelium. Randomly oriented hair cells would relay
conflicting information to the brain, submitting the indi-
vidual to a constant state of ‘seasickness’ or vertigo.
Although many questions remain unanswered, these
startling new results should help direct efforts towards
understanding the cellular and molecular mechanisms
that govern hair cell regeneration. Modulating this
process to reverse hair cell loss in humans holds enor-
mous biological and clinical implications.
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